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The use of Virtual Prototyping for hazard identification in the early design stage 
 
ABSTRACT 
 
Purpose: 
The construction industry is well known for its high accident rate and many practitioners consider a 
preventative approach to be the most important means of bringing about improvements. This paper 
addresses previous research and the weaknesses of existing preventative approaches and a new 
application is described and illustrated involving the use of a multi-dimensional simulation tool - 
Construction Virtual Prototyping (CVP). 
 
Methodology: 
A literature review was conducted to investigate previous studies of hazard identification and safety 
management and to develop the new approach. Due to weaknesses in current practice, the research 
study explored the use of computer simulation techniques to create virtual environments where users 
can explore and identify construction hazards. Specifically, virtual prototyping technology was 
deployed to develop typical construction scenarios in which unsafe or hazardous incidents occur. In a 
case study, the users‟ performance was evaluated their responses to incidents within the virtual 
environment and the effectiveness of the computer simulation system established though interviews 
with the safety project management team.  
 
Findings:  
The opinions and suggestions provided by the interviewees led to the initial conclusion that the 
simulation tool was useful in assisting the safety management team‟s hazard identification process 
during the early design stage.  
 
Originality:  
The research introduces an innovative method to support the management teams‟ reviews of 
construction site safety. The system utilises three-dimensional modelling and four-dimensional 
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simulation of worker behaviour, a configuration that has previously not been employed in 
construction simulations. An illustration of the method‟s use is also provided, together with a 
consideration of its strengths and weaknesses.  
 
Keywords: Safety management, virtual prototyping, simulation, hazard identification 
Paper type: Technical not
BACKGROUND 
 
Construction is one of the most hazardous industries in the world (Jannadi and Bu-Khamsin, 
2002).  In the USA and the UK, construction workers are several times more likely to suffer 
accidents than in other industries (Carter and Smith, 2006).  Advanced technologies and 
equipment used in the industry have dramatically improved working conditions and, as a 
result, construction accidents are mainly due to human failures and organizational factors 
(Mitropoulos et al 2005).  
 
In addition to those on the people involved, construction accidents also have a significant 
impact on economic returns within the industry. Construction accidents cause a loss of 
between 7.9 and 15% of the total costs of new non-residential projects world-wide (Everett 
and Frank 1996), while compensation costs awarded to construction workers can account for 
up to 3.5% of total project costs (Coble and Hinze 2000).  
 
Safety performance in the construction industry is partly a result of the extent to which 
hazards are identified in advance.  This is known to considerably lower than expected in the 
industry (Carter and Smith 2006) and can be ascribed to the traditional way of identifying 
construction site safety hazards through the inspection of the contract drawings issued by 
consultants or designers involving obvious visualisation difficulties in translating information 
for planning purposes (Hadikusumo and Rowlinson 2002, Hartmann and Fischer 2007).  
Furthermore, two dimensional (2D) drawings represent only the construction components 
(walls, beams, columns, etc), rather than the construction processes involved (Young 1996). 
 
If a safety management plan is not effectively created before the start of a construction 
activity, the activity must be monitored „live‟ by the safety officer instead. When there are 
several unplanned activities being carried out simultaneously, the number of safety officers 
required becomes prohibitive. 
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CONSTRUCTION SAFETY MANAGEMENT BY VISUALIZATION 
Such shortcomings in traditional safety management have stimulated various researchers to 
develop innovative construction safety management tools to enhance the process. 
Visualization is one of the methods being studied by numerous researchers and Chiu and 
Russell (2010) summarize the benefits of visualizing construction data. They state that the 
use of visualization not only improves communication within the construction team, but also 
the decision making process, cognition of data, completeness and accuracy of data, 
effectiveness in comprehending and explaining information, avoiding misconceptions, 
explaining divergence and disparity between the plan and „as built‟ and assessing the quality 
of a construction schedule.  
 
The use of visualization is not new to the construction industry. Trends of 4D CAD 
applications in planning, for example, are discussed by Heesom and Mahdjoubi (2004). In 
2005, Dawood et al (2005) developed VIRCON for construction data visualization and which 
has proved to be successful in construction management. Song et al (2005) have also 
proposed a 3D model-based project management control system as a construction 
information delivery platform. It is obvious therefore, that data visualization can benefit 
construction projects in different ways, especially in project management. Equally obvious, is 
that, despite the lack of previous studies, visualization may also have great potential for 
addressing the industry‟s safety concerns. 
 
The first successful research linking safety management with a virtual reality (VR) 
construction model was Hadikusumo and Rowlinson‟s (2002) design-for-safety-process-tool, 
which integrates VR with a database of building information. In addition to providing a three 
dimensional (3D) visual model of the proposed building, the tool also simulates the 
construction environment and allows the user to conduct virtual walk-through experiments. 
 
The design-for-safety-process-tool consists of four main functions (Hadikusumo and 
Rowlinson 2002): 
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1. Collision detection - allowing the user to walk through any of the components inside 
the technology.  
2. Terrain following. This function defines different elements and terrain. For example, 
once the floor is defined as terrain, the function enables the user to maintain a walking 
plane when starting a 3D walk-through. It also enables the simulation of falling 
objects when objects are placed beyond this defined area of terrain. 
3. Geometry picking. This allows the user to pick anything inside the virtual 
environment, link to the database and report any incidents found. For example, the 
user can pick up temporary material storage and place it at another location. The 
reasons for relocating the item can be reported to the database as a record. 
4. 3D tape measurement.  This allows the user to measure the distance between objects 
or the dimension of objects. 
 
Hadikusumo and Rowlinson further investigate the possibility of applying the 
design-for-safety-process-tool to capture knowledge for construction safety – concluding that 
it is likely to be successful, as: 
 the representation of 3D models enables the user to have an easier understanding than 
traditional 2D drawings 
 the simulation of construction processes can better educate users than simply reading 
text and 2D drawings 
 the tool contains a database which assists safety engineers in recalling their previous 
experiences relating to safety hazards and precautions. 
 
The system is effective but some limitations do exist. In particular, it is not able to simulate 
the construction process, which means that, while changes in the working environment are 
hazardous for workers, it cannot reflect such changes during construction. 
 
4D construction simulation emerged due to these limitations of 3D visualization and is 
defined as the integration of 3D objects with time, managing both the 3D construction and the 
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construction process (Koo and Fischer 2000). As early as 1996, 4D simulation was put 
forward as having possible applications within the construction industry (Collier and Fischer, 
1996; McKinney, 1996; Williams, 1996). Subsequent comment supports this, with Chau et al 
(2003) believing that 4D visualization presents a more comprehensive construction process 
than traditional 2D drawings and schedule information. Similarly, Jongeling and Olofsson 
(2007) also agree, observing that 4D simulation provides users with a clear and direct picture of 
the construction schedule and helps communication between different project stakeholders.  
In practice, Heesom and Mahdjoubi (2004) have also found that 4D CAD is extensively used as 
an explanatory and communication tool during construction. 
 
Researchers did not really consider the use of 4D for safety management until Chantawit et al 
(2005) designed and discussed the development of a 4D Computer Aided Design (4DCAD) 
approach for visualizing project scheduling and safety planning. Since then, Benjaoran and 
Bhokha (2010) have further developed the use of the 4DCAD model for safety management 
so that the developed system can automatically detect a working-at-height hazard. However, 
while the simulation software is capable of linking construction time with 3D objects, the 
process of constructing the object is not considered. Thus, there are considerable flaws in the 
system, which may potentially lead to construction accidents. 
 
 
Construction virtual prototyping 
 
In order to more adequately reflect the construction process, Li et al (2003) developed 
Construction Virtual Prototyping (CVP). The development of CVP, which aims to provide a 
full simulation of the construction process, has made remarkable progress in Hong Kong in 
recent years. According to Li et al (2003), the development of CVP was based on a 
modification of existing software CATIA (Computer-Aided Three-Dimensional Interactive 
Application) V5 and DELMIA (Digital Enterprise Lean Manufacturing Interactive 
Application) V5. CATIA is a computer-aided design/engineering software that allows users to 
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design and manipulate a product in a virtual environment, while DELIMA is used for 
simulation and monitoring manufacturing processes. According to www.cdgnow.com (a 
Boeing Subsidiary), the software has been employed by the Boeing Company since 1986 in 
the development of Boeing‟s 787 program, and has been hugely successful. As Huang et al 
(2007) explain, the existing software was developed for the manufacturing industry and has 
been modified to suit the needs of the construction industry.  
 
The modified system (CVP) contains a library of parametric 3D models of construction plant, 
temporary work facilities and building components. The CVP system allows users to 
construct and modify digital models of temporary works and building components (i.e. 
columns, walls and slabs) in the CATIA environment. Users can then employ these models to 
define and simulate the construction process in the DELMIA environment. As both CATIA 
and DELMIA are built on the same platform, the two systems share the same database and 
interface. 
 
The benefits of CVP are well known. Design constructability and anticipated shortages and 
pitfalls are able to be identified and rectified before the real-time execution of construction 
work (Huang et al 2007). CVP therefore assists project planners in modifying the design and 
decision making process related to constructability problems during the early design stage. Li 
et al (2008) also present a case study conducted to specifically investigate the effects of CVP, 
the result of which shows that project team members are generally satisfied with the 
enhanced performance resulting from its use. Li et al (2009) also demonstrate a brief 
implementation of CVP technology in planning. The research has clearly identified CVP‟s 
ability to enhance construction planning in the early design stage. 
 
The existing problems of hazard identification have been pointed out by previous research as 
the involvement of 2D drawings and lack of construction process information. As suggested 
by numerous of researchers, the use of visualization approaches could provide a potential 
solution. In light of this, an extensive literature review was conducted to establish the extent 
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of research into enhancing safety by visualization techniques. Visualizing construction 
information has already proved to be useful for construction planning and management as 
evidenced by the wide spread use of BIM in the construction industry. Following the success 
of 3D imaging, 4D (3D plus time) has emerged as a new tool to further visualize construction 
data - from visualizing 2D drawings to visualizing the construction method and process itself.  
Previous research has demonstrated the potential of 4D in construction planning and 
management although, to date, this has been largely restricted to safety management . In this 
paper, the CVP approach is used to demonstrate the usefulness of the 4D approach for 
visualizing the process of construction hazard identification.. This is an enhancement on 
previous work in visualizing safety management (ie., Hadikusumo and Rowlinson‟s 2002; 
Hadikusumo and Rowlinson‟s 2004; Chantawit et al 2005; Benjaoran and Bhokha 2010), 
which has been unable to simulate the construction process in detail. Using the CVP approach, 
the behaviour of construction workers and construction process involved in temporary work 
were simulated for the first time. Simulating the detailed behaviour of workers for safety 
purposes allows the user to identify hazards caused by unsafe working conditions, unsafe 
working processes and unsafe working behaviour during early the design stage. This is 
pioneering research in the construction industry and is expected to lead to substantially 
improved industry-wide hazard identification practices in the future.   
 
 
THE USE OF CVP IN HAZARD IDENTIFICATION 
 
As the CVP system employs “Product”, “Process” and “Resource” models, the integration 
between these three elements explains how it can achieve hazard identification virtually. 
Three steps are involved: 
1. The virtual construction environment is constructed according to drawings which 
include all temporary work facilities (i.e. temporary support and formwork), building 
components (i.e. wall, slab, and beam) and machineries (i.e. tower crane and hoist). 
The building components are stored as “Product” within the system, while others (i.e. 
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temporary work facilities, machineries, and virtual humans) are stored as “Resource”. 
By applying the walk-through function, the user can perform a virtual site 
investigation and validate safety measurements. For example, as all safety related 
temporary work is also included in the virtual environment (as with engineering 
drawings), users can check to see if the edge area is properly fenced off. 
2. The construction process is simulated according to the construction program. As the 
CVP system employs the “Product”, “Process” and “Resource” models, the 
simulation is carried out by integrating all of the elements. The user has to instruct 
the system which “Resource” is needed to carry out a particular “Process”. The 
“Process” may, for example, refer to the transport of several precast façades (i.e. 
“Product). The system automatically calculates the transport time and path once the 
user has determined the starting and final location. The simulation allows the user to 
experience a 4D construction simulation, the level of detail involved relying on the 
amount of available construction information in the form of drawings and method 
statements. By applying the walk-through function, the user can investigate every 
detail of the process from various viewing angles.  
3. After simulating the correct construction sequence, the user can verify safety 
measurements by simulating specified consequences through a “what-if” approach. 
For example, the user can simulate a particular construction activity without safety 
measurements, design and validate different safety measurements, and select the 
most suitable measurement within the virtual environment. 
 
 
RESEARCH METHODOLOGY 
 
The research aimed to develop a new approach to improve the current practice of hazard 
identification. The research was divided into three parts. The first part was to identify the 
problems faced by the construction industry in hazard identification. This was carried out by 
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conducting an extensive literature review. Suggestions were then made based on the ensuing 
collated and summarized ideas involved.  
 
The second part was to study the use of visualization in the construction industry. This 
involved another literature review to identify previous research. Research on the use of 
visualization and VP in other industries was also reviewed. This resulted in the selection of 
software (CVP) because of its previously successful implementation in construction process 
simulation. A framework was then developed for the detailed implementation of the 
approach.  
 
Finally, the approach was evaluated by means of a case study, identified after a presentation 
of the approach to one of the largest construction contractors in Hong Kong. Due to the 
exploratory nature of the research, focus group interviews were arranged with an expert panel 
of the contractor‟s safety specialists and managers – including safety officers, safety 
managers, project managers and senior project managers involved throughout the life of the 
project. Interviewees were selected based on their experience, which is also important for 
exploratory research (Maxwell, 1996). As recommended by Naoum (2001), the meetings 
were semi structured. The group interview method is also acknowledged as “special 
technique” for information gathering (McQueen and Knussen, 2002).  
 
All data used for the case study - including the construction program, related two dimensional 
drawings and interviews with on-site safety officers - were obtained directly from one of the 
largest construction contractors in Hong Kong. Such data is commonly available on most 
construction sites. During these interviews, photos, 3D models and videos of simulations 
were first presented to the interviewees. Then the interviewees were asked to express their 
opinions concerning the use of CVP, to compare the traditional practice of hazard 
identification with the additional assistance of CVP and to rate the CVP approach.  
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The method of information collection was based that used by Huang et al (2009), who 
studied the use of CVP in construction process management. In doing this, the ratings of time, 
accuracy and other performance measures involved seeking information on the following: 
 
1. The operational effectiveness of CVP for safety management during the early design 
stage. The interviewees were requested to rate this on a five-point scale ranging from 
1 (not effective) to 5 (highly effective) to evaluate the CVP approach from the view 
of the interviewees.  
 
2. The possibility of accidents. The interviewees were asked to estimate the chance of 
an accident occurring without the use of CVP to justify the effectiveness of the 
approach according to the interviewees‟ experience. 
 
3. Recommendations. The interviewees were requested to give recommendations on 
the use of the CVP approach for safety management.  
 
The findings of the interviews were analyzed and presented in the following sections.  
 
 
CASE STUDY 
 
A real-life construction project demonstrates the proposed approach. In this case study, the 
objective was to assist the safety management team to justify the safety performance of the 
construction methods used. 
 
 
Background of the project 
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The project consisted of the construction of the mega structure work of an exhibition hall 
extension, located in central business area of Hong Kong. Due to the uniqueness and 
difficulty of the installation progress for the mega structure, the project team intended to carry 
out hazard identification during the early design period in order to avoid construction 
accidents. At this point, the client decided to employ the CVP approach to investigate the 
safety measurements of their construction approach. 
 
The construction activity selected was the installation process involved in connecting two 
mega trusses (Truss A and B). The layout of this activity is shown in Figure 1. Both mega 
trusses were constructed from reinforced steel and produced off-site. Two metal splice plates 
were to be fixed next to the opening of mega truss A. Mega Truss A was to be first built on a 
concrete column by a tower crane, while Truss B would then be held at a location adjacent to 
Truss A by a tower crane. One construction worker was to place himself inside Truss A. The 
splice plates, which were fixed next to the opening of Truss A, would then be loosened and 
moved by the worker to a place in-between the two trusses. When the plates were moved 
in-between the two trusses, the worker would fix the plates to the trusses with bolts and nuts. 
As each of the splice plates weighed over one tonne, they were identified as a potential threat 
to the worker. Within the enclosed area, the worker was only able to move the plates to the 
designated position by simple hand tools. Any unpredicted movement of these plates could 
lead to serious accident, which raised the need to study the situation by the CVP system. 
 
<Take in Figure 1> 
 
 
3D Environment for investigation 
 
The CVP system was used to convert the 2D engineering design to a 3D construction model 
(Huang et al 2007). After the 3D environment was completed, the analysis of possible 
hazards began, with the safety managers and project officers contributing to the process. The 
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managers and officers first performed a walk-through within the 3D environment in order to 
measure the dimensions of all objects and distances between objects. As a result, the safety 
management team expressed their concern regarding the inclined working environment 
(Figure 1) as the inclined metallic floor could potentially be slippery and the worker could 
accidentally slide to the end of truss B, resulting in an accident. While it was impossible to 
change the working environment due to the design, the safety management team suggested 
the use of a safety belt to protect the worker. 
 
 
Construction process for investigation 
 
The CVP system can virtually assemble the 3D CAD models according to the PERT chart, 
and the user can then link the logical sequence of construction activities to form a 3D 
simulation. The DELMIA platform provides pre-defined virtual humans and basic functions 
to control the movement of the virtual human. Similar to a process simulation, the user has to 
define different activities for the human and link the activities in the PERT chart in order to 
simulate the construction worker. The DELMIA platform provides basic control functions for 
the virtual human, such as „walk‟, „stand‟, „crouch‟ and „sit‟. For more complex activities, 
such as working on a construction site, the system requires the user to define the detail of 
every movement.  
 
In the case study, in order to simulate the construction activity, it was vital to simulate the 
construction worker inside the truss and the process of installing splice plates between the 
two trusses was simulated with the given hand tools. The working procedure and 
specification of the hand tools were provided by the safety management officers during an 
initial meeting. The working procedure illustrated the working posture, working location and 
the required hand tools. The researchers then converted all this information into the DELMIA 
system and conducted a simulation of the construction activity. The simulation was then 
presented to the safety management team during the next meeting.  
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The following threats were identified during the meeting: 
1. Improper design of temporary support to the splice plates during installation.  The 
design to hold the splice plates by angle cleats and timber blocks (Figure 2) was 
found to be hazardous by the safety management team. In order to improve the 
efficiency of the design, additional simulations were required by the safety 
management team.  These were used to optimize the design.  
 
<Take in Figure 2> 
 
2. Inadequate headroom for operating the hammer.  During the simulation of the 
construction process, the system alerted the team to a clash of the use of the hammer 
with the model of truss A (Figure 3). This meant that there was inadequate headroom 
for operating the hammer inside truss A. 
 
<Take in Figure 3> 
 
3. The need for on-site supervision.  The simulation also assisted the safety 
management team in deciding the extent to which on-site supervision was needed. 
The DELMIA system allows the user to simulate processes from the viewpoint of 
the inserted virtual worker, as shown in Figure 4, and so, by simulating the 
construction process from the eye of the worker, the safety management team was 
able to understand the difficulty faced by the worker. Several signs of failure of the 
construction method were identified out of the worker‟s view during the construction 
process and, due to this, on-site supervision was recommended for this construction 
activity. 
 
<Take in Figure 4> 
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Simulation of specific scenario 
 
Due to the problem of improper design of temporary support to the splice plates during 
installation, additional simulations were carried out to optimize the design of the angle cleat. 
Different dimensions and installation locations of the angle cleats were simulated by the CVP 
system, as shown in Figure 5. The CVP system was then used to conduct a spatial analysis to 
judge whether or not the splice plate would fail under different condition.  Based on the 
criteria provided by the safety management team, the design of the temporary support system 
was then radically changed in terms of the dimensions, installation location, material and 
number of installed cleats. 
 
   <Take in Figure 5> 
 
Feedback 
 
Upon completion of the study, the CVP approach was evaluated through a number of 
interviews held on-site with members of the safety management team and project team,  
including the safety manager, safety officers, project manager and project engineers. This 
provided feedback the utilization of the virtual prototyping technology. The questions asked 
were mainly concerned with the functionality of the software and its benefits to the project. 
The average rating of the effectiveness of CVP in different areas is summarized in Table 1, 
where a rating of 5 represents „highly effective‟ and a rating of 1 represents „not effective at 
all‟. 
 
<Take in Table 1> 
 
The results of this indicate that the safety management team members thought their 
understanding of the working environment was improved by the visualization of the 
engineering drawing in the first project stage and the 3D environment assisted them in 
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identifying inadequate safety designs. The 3D environment also allowed them to gauge the 
dimensions of the working environment more easily than by referring to the engineering 
drawings. 
 
During the second stage, the safety management team members believed that the 
visualization of the construction process, including the simulation of worker behavior, 
improved their understanding of the relationship between the working environment and the 
working procedure. The system provided a spatial check that identified the use of a hammer 
was not suitable within the given working environment. The analysis conducted by the CVP 
system also pleased the safety management team in general as it allowed team members to 
reconsider the suitability of the working procedure, selection of hand tools and design the 
detail of the angle cleats in an easier manner at a relatively early stage.  
 
The safety management team also voiced some criticisms concerning the CVP approach. 
They noted that the time required for simulating the virtual worker was rather long. This 
problem is currently unavoidable as simulating human movement usually involves the 
comprehensive modelling of muscles and joints, a process that is currently very demanding 
on computer time.    
 
At the same time, the safety management team did point out that a total of six potential 
threats were successfully identified by the use of CVP system during the early design stage 
(Table 2). Significantly, the safety management team members believed that most of these 
hazards would not have been identified if the identification process had been carried out in 
the traditional way.  
 
<Take in Table 2> 
 
Cost-benefit Assessment 
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The benefits of new safety management approaches are always hard to measure as „before‟ 
and „after‟ comparisons are seldom available. In this research, the benefits of the proposed 
approach are summarized indirectly by the collection of users‟ opinions and comments (Table 
2). The costs involved can be divided into two parts: software and hardware, and human 
resources. Although the software and hardware are not discussed at length here, it is clear that 
they are able to be reused, thus significantly lowering the longer term costs involved. In terms 
of the human resources involved in the case study, there are some additional costs involved.  
For example, the simulation of a ten-minute construction activity took involved around a 
month‟s work, over which time several series of modifications were made including changes 
to the 3D models, construction methods and sequences  This cost approximately 
one-month‟s salary of the two to three safety managers involved. It is important to note, 
however, that the proposed approach had identified at least one threat that could not be found 
by the team, and as many as four threats that could also have been missed by only conducting 
traditional hazard identification. Without the use of CVP, this could have potentially led to a 
construction accident, contributing significant financial and human costs to the project.  
 
 
DISCUSSION 
 
The feedback received from the interviews suggested that the CVP approach effectively 
assists the traditional hazard identification process. In its current form, however, it is not 
recommended to be employed directly by the safety management team as the use of VP 
requires a suitable degree of professional knowledge in simulation. However, as the cost of 
simulation is quite low, at present the approach is viable through utilising specialist 
consultants.  
 
In this study, the application of the CVP approach was demonstrated for a set of unique 
project circumstances and, in its current form, the approach acts simply as a cover for 
traditional practice as it relies heavily on the level of detail of the 3D environment and 4D 
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simulation. With inadequate construction information, the approach could miss potential 
threats. It should also be noted that the CVP approach is used during the early design stage of 
a project, while the traditional approach cannot be employed until the design is completed. 
 
 
CONCLUSION 
 
This paper presented the CVP approach for modelling and visualizing the construction 
process and allowing users to simulate construction processes and make investigations in a 
3D environment prior to the commencement of actual construction. In the case of hazard 
identification, the simulation of worker posture substantially changes the traditional approach, 
which relies exclusively on drawings and method statements. As the case study illustrates, the 
CVP enables users to identify potential dangers that would otherwise be very difficult to 
identify without its assistance. As those involved pointed out, of the six potential hazards 
found with the assistance of the visualization technology, five would have been almost 
impossible to identify by conventional means. The approach, therefore, creates a new 
platform for the management team to discuss and inspect the validity of the safety measures 
needed during the detailed planning of construction work. By repeating the process, it is 
possible to identify optimal methods during the design stage for carrying out construction 
activities so as to fulfil both safety and scheduling requirements.  
 
In its current form, the CVP system is unable identify construction hazards automatically. It 
is a platform for a proactive preventative approach, however, that assists the management 
team in planning very detailed aspects of particular construction activities and eliminating the 
potential hazards involved well in advance of on-site construction activities.  
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Figure 1: The working environment of the studied activity 
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Figure 2: Inadequate design of the angle cleat dimensions  
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Figure 3: Inadequate working space within the truss  
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Figure 4: Eyesight of the worker simulated by CVP system 
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Stage of Application Average Score 
3D environment for investigation 3.5 
Construction Process for investigation 4.1 
Simulation of specific scenario 3.8 
Table 1: Effectiveness of CVP in safety management during the early construction stage  
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Stage of application Hazards’ 
reference 
number 
Detail of the identified hazards Issue may be 
missed 
without CVP 
3D environment for 
investigation 
1 Inclined working environment with slippery metallic 
floor material 
Will not be 
missed 
Construction Process 
for investigation 
1 Improper design of temporary support to the splice 
plates during installation, which could lead to fall of 
splice plates. 
Will probably 
be missed 
2 Inadequate headroom for operating the hammer, 
which the working procedure should be reconsidered. 
Must be missed 
3 The need of on-site supervision by safety officer was 
raised, which the officer can monitor the activity and 
stop the activity when signal of failure is noticed. 
Will probably 
be missed 
Simulation of specific 
scenario 
1 The installation location, the dimension and number 
of angle cleats to be installed were modified 
according to the simulations conducted. 
Will probably 
be missed 
2 The use of timber block was replaced by metal block, 
while the block was welded to the bottom of the 
splice plate instead of place below the splice plate. 
Will probably 
be missed 
Table 2: Number of potential hazard found in each stage 
 
